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ABSOLUTE CALIBRATION OF 
PZT MICROPHONES 


Rrciprtx'ity have long 

l>(*on roff>gniz(Ml as tho profrrrocl moans 
of (it'lormining the al)solutc pressure 
(•alil>nilion of microphones. Hy tlu^sc 
methods the sonsiti\ity, (lotined in terms 
<»f voltage output per unit of acoustic 
presvsiirc?, is determiiK'd from the meas- 
urenK'nt of voltage ratios, mt'chanical 
dimensions, and electrical imiKMlance. 
The techni(|ues have l)een refined over a 
lK‘ri(Ml of years to the point where agn*e- 
meut between laboratories to 0.1 db or 

‘\y. H. MacLfAii. ".Atisoliitc .Meattureniciit of Sound 
Without n I’rimory Stnndard,'* Journal of tAe Aeouatirnl 
Society of ArntrieOt 12, 140>-I4rt HlHOl. 

■a. K. C'ook, '*AImioIuU> PTWHuirt* Calibration of Ml«rr»- 
phoiits.'* Jintmal of ttmenrch, National Uiirpuu of Stand- 
arils, 25, 48?l-5(l.*» MmO); altfci Journal of the Actntelieal 
S*>ritty of Amenca, 12. 415-i2t» fimi). 


better, on stable microphones, is con¬ 
sistently obtained. These values reprc'- 
sent the In^st available measure of 
microphone* seasitivity in the pn*MMit 
state of the art. Such accuracies are not 
easily realiz(*d, however, and are in fact 
obtained only by meticulously can*ful 
laboratory work, together with a fair 
amount of cahailation. An hour or more 
is normally allow(*d to obtain reliable 
results at a single frecjuency. 

•L. li. Utiranek, Acoustic MmenremenU, See. 4.2, .loiin 
Wiley A Son*, Inc. (1949). 

•.\. L. DiMattia and F. M. Weiner. “<bi the .\b«oltitc 
IVwBiure C'alifuation of Condemer Nliorophonca l»y the 
Reciprocity Methml," Journal of the Acoustical Sitciety 
of America, 18. 541-344 fU)4tt>. 

^Auiei lean Standard Melhotl foi the I’reMure ('altbrntiun 
of Ijihorntor>' .Standard IVetwiire .Micmphont'ti. Z24.4- 
1949. 
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A now (lOiioral Radio dovolopmont, 
iho Tyi'K I.V)t>-A Mion>t>hoiu‘ Roci|mH* *- 
ity Calilirator, n*diuM»8 tlio rooiprooity 
moasun*monf to a mat for of roiitiiu* for 
(Joiionil Radio pioz<H*lootriomicn>phonos. 
Tlio iiisinimoiit is portahlo. and tho 
mi‘asnroinont toolnii(|iio is so sirnplitiod 
that u ini‘aHuromonl at any ono fro- 
(luoncy ran Im* mado in a rninnto or so. 
Roforo important moasiin*monlM aro 
undorlakon, liold oliooks of rniraoplioni* 
si‘n‘iitivily can l»o matlo with this oali- 
hrator to an ac'onrary <*omparahlo to 
that hiihoiio ohlainahlo iiiiiy in the* Iw^^it 
s t a n< la rt 1 i/.in|r la I h )ra t < )ri(‘s. 

Basic Principles fsee also page 3) 

In addition to tho tninsdia*(*r to ho 
oalihrati'd, tho rooiprooity toohni(|uo ro- 
(jiiiros I wo olhor transdiioors. ono of 
whioh is rooiprooal,**^ * and an aotjuslio 
<*avit y. ()m‘ iratisdiioor is iis(‘d as a sound 
soiiroo whioh oxoitos tho romainin^ two 
transdiioors (miorophonos) witli a sound 
prossun*. T'ho ratio of tho o|H'n-oirouit 
volfa^os of tho two miorophonos otpials 
tho nitio of tho microplnmo sfuisitivitios. 
If tho two mioniphonos aro thon ooupk'd 
Ioj 5 othi*r hy a known aooustio im|M‘d- 
anoo (tho cavity) and tlio rooiprooal 
miorophono is drivon as a sound souroo, 

I ho ratio of tlio opon-oirouit voltage of 
tho sociind mioropliono to tho driving 
ourront of tho first miorophono can hi* 

* ill n rii'i|*nM*iil ilfvirr, tlir mtio of mt|*oiiM< lo miMtation 
if till* iHiiriTd of pxriUittoii an<l olMf»rvittiori 
»ii* inlrrriiuiitftMl, prnviilt^l that th** t^rinitiMl roiitlitiiiiia 
rniitiiii iIm* Mini*. 

•I^ml l(aylt>iKli, Thf Tkntry nf Scund, Vol II. lOfi, Mac- 
iiiillAti aikI ConiiMity. t.td. CtK77). 

*S. liAllAiiiiiM'. *‘llfM*i|»rority 111 Klf^tniiiintrnrtir. Mf<rhuii* 
iml, Ai'uiintiiuil nii'l S> ■•iriuj*,” /'nwmfiui/a 

o/thi run. 17. il'JO 9S1 091*9). 


ihoorotioally rolati*il to tho proiha t of 
tho mioro|)hono sc*nsitivilii*s. 'flic two 
rolationshi|3s. oin* for tho ratio of mioro¬ 
phono siMisitivitios aiiil ono for tlio 
pnMiuct of miorophoiH* sc*nsitivilios, oaii 
thon 1)0 .soIvihI fi»r tho .siuisitivity of 
oith(*r miorophoiii*. fho aooustio irntwil- 
aiioo** of tlio i'avity is tho ind(*p(*ndont 
<‘aloulahlo (|uantity in ti'inis of whioh 
nii« rophon(* sensitivity is ostahlishod. 

A Unique Device 

Tho unh|U(*n(*.‘^s i»f tho Typk ITmO-A 
Miorophono Ri*« ipnM ity (’alihrator rests 
on the following d<*sign feature^; 

11) The traiisdiioor used to di*t<‘rmino 
tho ratio of si*nsitiviti(*s is in tho form 
of a pioziK*loi trio ring^ whioh makes up 
tho cavity wall. tln‘r<*hy <*liminating the 
nood for physically inl(*rohanging tho 
location of niiorophoiK's during the 
ooursi* of tho moasuronnait. Klootrioal 
oxi-itation of tlu* ring produo(*sa uniform 
sound pros.«uro throughout tho cavity. 
This fa<*t. plus tla* symmetry that ro- 
.sults from tho us<* of a tran.«luoor in tin* 
form of an onoompassing oylindor t(»- 
gothor with a n*v(‘rsil)lo traii.siluoor iden¬ 
tical to thf* niii-rophoiu* lM‘ing measured, 
makes tho coupler usidilo over a wide 
fn‘(iuoncy range*. 

(2) A swite'h is usoel to coniH‘(‘t tia* 
circuits for the* ro<|uirod operations with¬ 
out tho nood for physi<*ally int<*rchang- 
ing the* lransehie*e*i*s. 

(continuctl on foojr .{) 

tA yiniilar And d«*i rl4>|iiiinit Iiaa tioen 

rt-r«fnlly rpiMrinl. •#••• "l*ri««»iirt'C'Alil>rAli«iii ul 
Mifn>|»linni*9 b>* thr |{«H*i|>r«N!it%’ Mi’tlunl,'* .S«h-i*i rky^if 
Ar.,uMtir*. l»fl. 2. e»cl.I)pr ItWO. |. 

'I*. .Ne, Murnr, VihruUnv and Aiuttd, C’hAiitvr fl. MiSimiv 
Hill (1936). 
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THEORY, OPERATION, AND READOUT 



STEP 1 — Both ini(TO|)honf« an* excitod bv th(» 
saim* sound pressure, P\. Their oj)en-eircuit 
volta)?e8 and Vx are |>r()p()rtiontd to their 
»*n8itivitiep, J/ffand My- Then 


_ Jjf 

Mx Vx 


(I) 


Then }fx in db — 

10 j^lt)K ^ -h lojj V',r — log Vr 

-h log V’'.v — log Tsl (1) 


STEP 2 — Th(* reversible inieroplione is driven 
bv a eurrent, /«, produeing a volume veloeity 
sound, U »= IrMr, in the cavity, whos<* 
aeoustie im|K?danee This, in t urn, produces 
a soumi pn^ssure, Pt = at the unkno^\'n 

microphone, which generates a voltage, V’\v = 

P,Mx. 

Then, 

'/«.U.v = ^ (2) 

CVjiiibining (1) and |2», 


Zj Vh 


V\ 

h 


The im|HMlance, Z^t is calculated, ami all the 


other quantities are mimsured. 


comes from 
V R 


step 1; Ir is measunal in terms of the voltage 
across a polyst.mme capacitor in the current 
path, Ir — I 'jT is measure<l dirt?ctly. 


Thi« computation is carried out fin a simple 
analog computer consisting of a function switch 
and an attenuator that inclutlcs a logarithmic 
yaitentiometer, shown in Figure 3. The first 
term is taken care of by an initial setting of the 
answer flial in terms of barometric pressure. 
V'olt^iges are mwisure<l by a sulxstitution meth¬ 
od, and voltage ratios apiK*ar as differences in 
the attenuator settings ncM^essary to prcxluce a 
constant detector reafling. The function switch, 
in atldition to controlling generator, detwtor, 
and transducer connectifins, actuates the brake 
to hold the answer dial stationary while the 
attenuator is set tfi corresfH.ind to the amplituiie 
of the numerator voltages in (3), then re-en¬ 
gages the dird for the setting of the denorninabir 
voltages. Thus, attenuator setting difference's 
in til) are trunsferrcfl to the answer dial during 
steps in the computation. The final result, Ke., 
the .sensitivity of microphone -V, is read from 
the computer dial in db rc Iv/^bar. 



where: 

7 is the ratio of 8|>ecific heal of air at 
cfinstant pressure to that at constant volume 
p 0 - atnifxspheric pressure 
Ve = cavity v'olume 
The two toi-terms cancel, and 


Figure 3. Switching and computer mechanism 
in elementary form. 
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(8) A Standard capacitor is umhI to 
m(‘asnn' the driving current of the re- 
cipriM-al tmns<lucerA 

(4) The necessiiry calculations are 
performcii by a simple dial-ly|i«* analog 
comput(*r coupled to the switch (see 
I’igun* 3). 'rh(‘ voltages that result from 
the acoustical transfers are dut)licat(‘d 
with an electrical network that inchuh^s 
a logarithmic potentiometer. The angu¬ 
lar positions of the potentiometer shaft 
arc* proportional to the* logiirithins of the 
voltagc*s to Ik* mea.sun*d. and these* shaft 
positions are transferred to the answer 
dial in such a way that the* necc'ssicry 
multiplications and divisions are accorn- 
plishc'd in a manner analogcais to the 
use of a slide rule. 

(5) 'fhe closed coupler rc'ciprocity 
tc‘chni(|ue nomially yields the* pre.ssurc* 
I'esijonse of a mii-rophone, hut the Amer¬ 
ican Standards As.sociation Six'cification 
fordeneral Purpose Sound-1/‘veI Meters 
%SI.4-ltM»l rec|uires a microphone which 
has a flat random-incidence (ditTu.*^e- 
lield) n*sponst*. In thi.s calibrator, the 
deviation of the couple*!* from a simtile 
ae*onstical e*le*ment with incre*asing fre- 
(|uency is empirically matched to the 
correction be‘iwi*e*n the randorn-inci- 
denc*e rc'sponse and the pn's.sure* re*sponse. 
d'he* ealibration is the*n etlectively in 
terms of a dityu.se‘-sound field, whic h i.s 
the* environme*nt lo whic h a se)und-le*ve*l- 
meter microphone* is most e*ommonly 
exposc'd. I’igure 4 shows the* dcgrc'c* to 

•A. K, "A SitiiiiltfHHi Tcrhnuiup ftir I hr ert*Miiiirr 

e.’uUbraiioii uf C 'oti<ienM>r Mirrophotirji bv iht* H('Oit)n)Oiiy 
MothiMl, ’ \ ul 2 llL'-ns 

Figur* 4 Average deviation between calibration by I 

colibration at n 


whie*h the nindom-iiicidenc'e correction ^ 
miitches the deviation of the coupler 
impt*dance with fre*e|uency. 

Procedure 

To calibrate a microphone* one inserts 
the microphone* intei the* cavity, e*lamps 
it in plae*e, and e*onn(*cts it tei the* instru¬ 
ment. Then one sL*ts a re*fe‘rt*nce to the 
baretmetric pn*.ssurc* and preMe*eds to 
make four dial .st*ttings. At the e*omple- 
tion of the fourth se*tting, the nuulom- 
incidene*e (difTuse-field) mie*rophe)ne .sen¬ 
sitivity in ell) re Iv /ibar is read dir(*ctly 
fretm a dial on the* instrumeuit panc*l to 
an ae*e*unie*y whie*h varie*s from 0.2 db at 
low fre*eiuencie*s to 0.7 elb at 7 kc. 

The Calibration, Absolute and Traceable 

The* Typk bV.Kt-A Microphone Ue*e*- 
iprocity Calibnitor is a primary and 
acTunite e*alibrator of (;e*neral Radio 
Company’s pzt microphone*s Ik‘ 1 ow 1 kc. 
while aUive I ke* (whe*re* the* dimensiems ^ 
of the* cavity l)ee*ome* e-omiwinible with 
the wavele*ngths e»f the* sound) it is dire*ct 
re*ading in the ranelom-incielene e (difTu.se 
field) ro.sponse of tlic mie*rophones. The 
e*alil)ration of a 'rvPK loOO-IM PZT 
.Microphone bv use* of this instrume‘nl 
ele*, M*nds on the me*asurement of length 
(volume* of the* e*avity) and e*lee*trie*al 
im|)edane*e (e*apae*it;ince and re.sistane*e). 
and is thus “traee*able” to \bs ealibni- 
tions of those units. .\n inele*|)e*ndent 
cn»s.s-<*hee*k Is also possible by e*om- 
parison with an xus calibrate>d ti40-.\.V 
mie ntphone, as shown later. 

» Typ* 1559-A Microphons Reciprocity Calibrator and 
dom incidence. 
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A Standard Source 

Tilt* Tyim. Io 5‘.)-A Micropliom* Hon- 
ipHM'ity C alil»riit()r can also \>o iisrd as 
a precision acoustic source for setlin^^ 
the nderence lev«*l of a sound measun*- 
ment system. When the instrument is to 
Ik* us<.*d a.s a precision stiurce, the sen¬ 
sitivity of a microphone must tii*sl he 
determined by tin* procedure outlined 
above. This sensitivity is used as a refer¬ 
ence to set tin* driving current for the 
H'versible iransilucer. T'or a given input 
voltage a known souiul-pn'ssure levcd 
will then lx? pHniuced in the cavity. .V 
sound-measurement systcun connected 
to I hi* output of the microphone can th(*n 
be set to indicate* this known l(‘vel. 

Comparison with Standard Microphone 

This leehninuc for priHliicing a known 
sound level in the cavity can al.**o lx* usihI 
to compare the sc*nsitivity of a General 
Ibulio Type b*)(itbP.S 1*7/1' Microphone 
to that of a West(*rn I^lectrie tii()-A.\ 
I.4d)oralory Standard Microphone or to 
< alibratea sound-mea.suring system that 
us<*s such a microphone. After the Type 
!oo9-A Microphone Heciprocity ( ali- 
brator is set to priKliice a known sound 
field as above, the 'Fype l.)t>0-P3 I*ZT 
Microphone is repla<*ed by the t)4tKV.\ 
microphone with the adaptor sleeve 1‘ur- 
nished with the calibrator. The sound 
level in the cavity is then measured by 
th(* t>l()-.\A microphone and its a.sso- 
<*iateil measurement .system, and the 
system calibration can lx* sc*t a(*<*ording 
to the known level. Or, if the .sen.sitivity 
of the l>4tbAA is kmmii and the elec¬ 
trical response of the as.sociated sysl(‘m 
is known, one can then compare* the 
sound level mciisun'd with the (it()-.\.\ 
and that prcKluceil in the cavity. When 
this is done, the primary calibration of 
a 'I'vPE loGO-IM l*ZT Microphone naide 
with a Type I.mO-A Microphone Hec¬ 
iprocity Calibrator has been compared 
to the National Bureau of Standards 


calibmtion of a (ilO-.VA microphone, 
and the .agreement islietter than t).*2 db 
for fre(|uencies below 1 kc. 

Generator and Detector 

Till* a<‘ec*s.-<iorii‘s rei|uired are a genera¬ 
tor and a detector. Tlie Type 131 I-A 
Audio ().s< illator, which supplies 10 fixed 
freijuencies lK*twi*<'n oO and otMH) cps, i.s 
recommended. I'or continuously adjust¬ 
able fre(|U(*ncies, either the Type 1210-C' 
Cnit H-C Oscillator or the Tipe 13(M-H 
Heat-l'r(‘(|uency Audio Generitor can Ik* 
usihI. For rei’ording applications or for 
fix(*tl installations, the latter is prefer¬ 
able. The* detector can In* (*ither the 
Type 15o 1-C Sound-bevel Meter or tiu* 
Type looS-A Octave-Hand Noise Ana- 
ly7x*r, usually the instninu'iit whost* 
microphone is to lx? calibrated. 

Applications 

r.s4* of the Type I.V)tt-A Micro|)hone 
Heciprocity (’alibrator efl'ectively elim¬ 
inates instrum(*nt error from .sound- 
level measurements; tlu* obs(*rver can 
then (•onc(*ntnite his attention on thi* 
acoustical factors, such as environment 
and microphone placement. Hitherto, 
one could readily calibrate the electrical 
part of a sound-measuring syst(*m. but 
th(* calibration of the microphone was 
restricted to a check on the microphone's 
sensitivity at a .Miigle lrt*(|U(*ncv. .A com¬ 
plete calibration of the microphone could 
Ik* made only at a ((ualified laboratory. 

'Fhe need for provei,! accuracy, includ¬ 
ing calibnition of the microphone, in (he 
field of .sound-level measurements, is 
illustrated by a noise s]x*ci(ication such 
as Mlb-K-22SI2 (Ships), which is refer- 
encf‘d to MI l^‘sTI)-740 (Ships). 'J'he 
latter s|K*cification refjuir(‘s (hat the 
microphone ti.<(‘<l in the sound-measuring 
system Ik* ealibratc*<l every six months. 
With both the su]>plier and the purchaser 
performing noise m(*asurement.s accord¬ 
ing to the sjiecifications. accuracy of 
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culilmition will l»e an impfirtan! factor 
in thc> rapid and c<‘onomical elimination 
of any discn'pancu*:? Ixjtwet'ii the re8|KM!- 
tive meaanrernenls. 

'i'lje rnamifaetttre and purchase of 
eriuipmenl to a particular noise specifi¬ 
cation is not n'stricted to military appli¬ 
cations. Some examples are: (1) The air- 
moving industry whi<*h has s|K*cilications 
on the ntusc' levels that may l)egenerated 
i»y fans, blowers, etc.; (2) communitu's 
with ordinances restricting the maxi¬ 
mum n(»ise level pnKluce<i by tna-ks and 
other vehii'les; and (3) airf>orts that 
have limit.s on the noise level produced 


by aircraft using their facilities. Indus¬ 
trial hygienists miuin* pnxif of the cali¬ 
bration acctiRicy of their sound-level 
measuring e(iuipment. In general, re- 
(juirements for sound-m(*asuring e(|uii>- 
nu'nt are becf)ming mon‘ stringent Ix*- 
cause us<'rs (hunand correlation of 
measurements taken at dilTerent loca¬ 
tions and consistency of measurements 
taken at dilTerent times. 

Simple t(» opemte, direct n*ading, 
and accunite, this calibrator provides a 
reliable and consistent mc^ans of stand¬ 
ardizing sound mcasun*ments. 

— Basil A. Boxk 


SPECIFICATIONS 


MICROPHONE CALIBRATOR 
Microphonoft: This in'^tnimcnt will rulil)rnte 
tlu’ rvi'K anil -P4 PZT Mirmplanics, 

currently ii>€hI on the Type SouiuI-IawcI 

Meter ntul the Type tooH-A Octave-Haml 
\oise Analyzer, res|)ertively; al'^^i the Type 
I5e>0-Pl (Koclielle Siitf) Mimplione, iihimI on 
tlie older Type Srmnd-l.evel .Nleter. 

Rang*: Direct reading for microphone sen-^itivi- 
tie> )»et\veeii — .’VTidhand —6")dt»rf 1 volt/phur. 
Frequency Ronge: 20 t<» SOOO C|>:». 

Accuracy: ±0.2 tlb ± (0.1 dh X frequency in 
ko up to 2.r» ke, ±0.7 dh above 2."i ke tii 7 kc, 
when reference is set to actual harometrie 
pressure. 

PRECISION ACOUSTICAL SOURCE 
Frequency Range: 20 to SOOO eps. 

Output: tl2 ilh re 0.tMM)2 abar for excitation of 
oO volt.«. 

Accuracy: At 02 dt», ±0.1 dh 4- error in deter- 
iiunin^ fiiicrophone ?<en.<itivity. 

SOUND-LEVEL CALIBRATOR 
Frequency Range: 20 to 20(X) civs. 

Output: 02 dh re 0.0002 /ubar for excitation of 
50 Vfdts. 

Accurocyt ±0.7 dh at. standard atmospheric 
pressure. 


GENERAL 

Maximum Safe Input Voltage: 50 volts behind 
000 ohms. 

Accessories Required: Cietierator and detector. 
Ifcnerator to supply 5 vtilts or more into a 
2000-pf load, ami 2.5 volts or more into a 
IHKl-oiim load. Lower voltaue can l»e u.«o<l, with 
a re‘<ultant lowering i>f signal-to-amhieiit-uoisc 
ratio. The Type 1301-h Hriit-I're<|iiency .Audio 
(li'iierutor, the Type 1210-(' t’nit It-C Oscil¬ 
lator, and the Type 131 I-A Audio Oscillator 
are recommendtsl. The Type 1551-H or -C 
Snuud-I^vcl Meter »>r tlie Type I55S-.\P Oc¬ 
tave-Hand Noise Analyzer is recommended for 
the <letector. 

Accessories Supplied: Cahl(*s for connection to 
genemtor :m«l detector; adaptor sleeve for 
h4U-.\A microplume. 

Cabinet: FIi|vTilt; relay-Rick model also is 
available. 

Dimensions: Portable nuxlel, Case closed — 
width lU, height 8, depth 7*-, irirhes (255 by 
205 by 190 mm», over-all; rack mo<ieI — panel 
19 by 10*2 indies (185 by 270 mm), depth 
behind panel 5 inches (130 min '. 

Net Weight: Portable in<Klel, 13 |N>unds (0 kg); 
rack model, M poundrt (0,5 kg). 

Shipping Weight: PorUible intHlei, 22 pounds 
1 10 kg); rack model, 29 pound.- (13.5 kg). 


Tirpr 


Cnfie Xumftrr 

Price 

1559.A 

Microphone Reciprocity Calibrator, Portable Model 

15.59-9701 

$475.00 

1559-9820 

Microphone Reciprocity Calibrator, Rock Model... 

1559-0820 

475.00 


.\|*plir«l Tot. 

Note: The rdny-rark mmlel of this instniment Bridge) on |>age 7 of the Xoveinlier, 1902, issue 
makes us<* of an adaptor panel of the ty|»e do- of tlic ExjHrimrntrr. This mcthixl of rack 
scHImnI (for the Type 1050-A Iiu|HHlaiu«e mounting is u.so<l for all ClH Plii>-Tilt cases. 
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TYPE 1120-AB FREQUENCY STANDARD 


Emergency power equipment, which 
assures continuity of service despite in¬ 
terruption of normiil power service, is 
now incorporated in a new assembly of 
stanchird-fre(iuency e(|uipment, the 
Type ir20-AB Frecpiency Standard. 
The individiuil standard-freciuency in¬ 
struments, which have Ixien described 
previously,* are: 

Type 1I13-A Staxd.ykd-Frequency 
Oscillator 

Type 1114-A Frequency Divider 

Type 1103-H St^t^ronometer® 

TIME (’OMPAR.VTOR 

The addit ional units, which provideemer- 
gency power, are: 

Type 1115-13 Emergency Power 
Supply 

Type 1258-A Automatic Battery 
Charger 

Type 12r>8-Pl Battery Drawer 

Type 1258-9502 BArrERY 
The entire assembh^ is housed in a 
floor-type cabinet rack, as shown in 
Figure 1. 

Standard-Frequency Oscillator 

The p(‘rformiince of the Type 1113-A 
Standard-Fre<|uency Oscillator has am¬ 
ply justified the original evaluations* of 
its over-all stability. The one-year drift 
record of a typical unit is shown in 
Figure 2. Xote tliat the drift rate at the 
end of a year has diminished to less than 
one part in HP im)nth, or Ixitter 
than 3 parts in 10'* p('r day. 

^ • .Pnink. F. D. I.^owib, and 11. P. Slratcrnoycr, 
“The New CJK Fre<niericy Staridanl," General Radio 
Expertmenter^ 35, 4, April 1961. 


Figure 1, View of the Type 1120-AB Frequency 
Standard. 


Of particular intere.st is the spectrum 
plot of Figure 3, which indicates a high 
degree of short-temi stability, that is, 
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GENERAL RADIO EXPERIMENTER 



a vcn" low lovel of fm noise. Note that 
this specMrum Is that of the o.seilliitor 
fre<|ueney multiplied up to 23,9()() Me. 
and so it includes not only oscillator in- 
stahilities, hut also any noise thiit might 
1 h' contrihiiled by the multipliers. 

Frequency Divider 

The Tvpk 1114-A Freriuency Divider’ 
divides the o-megacycle crystal fre¬ 
quency to produce sine-wave output 
frequencies at 1 Me, 100 kc. 10 kc. 1 kc. 
and 100 cps, as well as square waves at 
100 kc and 10 kc. The divider circuits 
are designed for low jit ter (about 0.5 n.sec 
over-all from 5 Me to 100 cps) and are 
all ^‘fail-safe,” that is, they have no out¬ 
put in the absence of an input signal. 

Time Comparator 

The Typk 1103-B Syncronometer^ 
time compamtor* provides a calibratit)n 
against standard time by comparison 
with radio time signals. Such compari- 
.sons can W. naide to about 0.1 milli- 

« Lirr. ril. 








- . J 

L . 


II m cn 


Figure 3. Specfrum of the Type IIIS-A Standard- 
Frequency Oscillator as measured at 23,900 Me by 
the National Bureau of Standards. 


second. Radio propagation time v^arie.s 
up to ±0.1 millisecond, making over-all 
accuracy of comparison approximately 
±0.2 millisecond. A fretiuency calibra¬ 
tion accuracy of ± 1 X 10“^ is possible 
over a 48-hour interval. This unit pro¬ 
vides an additional fail-safe feature since 
e\’en momentary failure of the driving 
fre(iu(*ncy will stop the clock, which 
will not restart of itself when the drive 
reappeai*s. 


SPECIFICATIONS 


Output Frequencies: 5 Mc, 1 Mr, 100 kc, 10 kc, 
1 kc, HK) cps; additional plug-in units for tlic 
Tyi*k I1I4-.\ Frequency Hividcr are avnilaltle 
to produce output at 400 cps and 00 c|^. 

Power Requirements: lO.'S to 125 (or 210 to 250) 


volts, 50 to 00 ens, .370 watts. 

Dimensions: Widtll 22, height 76* 2» depth ISto 
inciies (500 by 10.50 bv 47() inm). 

Net Weight: 475 fxjunds (220 kg). 

Shipping Weight: 045 pounds (300 kg). 


TV/pc I _ 

1120-AB I Frequency Standard. 

Note: Other frequency-standani combinations 
available include the Type 1120-.\, which litL*: 
the same output frequencies as the -AH mo<lel, 
but witlaait emergency fxiwer equipment, and 
the Type 1120-AIl, which furnishes, in addition. 

8 


I Code Ninnhfr | Price 

1 12(M)430 I $5200.00 

frequencies of 10, 100, and KKH) Mc (also wlth- 
imt emergency power equipment). All mrn- 
IMinent units are avtiibible separately and sjmj- >> 
cial as.'icmblies can be devised to meet individ¬ 
ual requirements. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516) 334-5988 


























APRIL.MAY, 1 963 


EMERGENCY POWER SUPPLY 


The Type lllG-B Emcrgiwy Power 
Supply in a eomhimition inverter and 
switching device, designed for vtsiJ with 
a 28- to 32-volt storage battery. Upon 
failun‘ (»f tlie power line?, the vibnitor- 
typ(' inverter Is automatically connected 
to the batter>' supply, the power-input 
terminal.s of the fre<|uency stamhird am 
tnin.sfernKl to the inverter output, and 
a fn)nt-panel lamp glows to indicate 
emergcMicy operation. This changeover 
(Kreurs when the line voltage* falls Inflow 
lOo (or 210) volts; the rectum to line 
operation takes place at a level l>etvveen 
lOS and 113 (or 210 and 220) volts. 

The switching is accomplished st) 
rapidly that no interruption occurs in 
the operation of the freepiency standard. 
The* transfer takes place in less than two 
cye'les of the |X)wer-Iine fnM|uency. 

On n»sumption of the power-line serv¬ 
ice, the standard Is automatically 
switched l>ack to the line, and the in¬ 
verter is disconnected fn)m the* battery. 

Switching is accomplished by fast¬ 
acting relays and .solid-state diodes. 

Automatic Battery Charger 

The Type l2tiS-A .\utoimilic Ikittery 
C3uirg(‘r is designed to naiintain at opti¬ 
mum charg(‘ condition a 21-cell nickel- 
cadmium Iwittery to provide (*mergency 
fMiwer for the Type lll(»-H Emergency 
I’ower Supply. 

As s(M)n as line voltage is restored 
after |X)wer failure, a constant curmnt 
charge of alKiul 4 amper(*s Is applied to 

Figur* 4 . Vi«w of tho •morgency powor supply oquip- 
mont. From top, Typo 1116-B Emorgoncy Powor 
Supply, Typo 1268'A Automatic Bottory Chorgor, 
Typo 1268-Pl Bottory Drowor. 


the l>attery. After G hours of this clrnrge, 
a timer eluing(»s the oix*niting mode to 
con.stant voltage*. This float voltage 
maintaias the Iwittery at optimum 
charge regiirdless of the trietkle-cluirge 
current reepiired. Under the.se conditions 
the voltage aentss the Ixittery is alK)ut 
34 volts. Meters are providinl for battery 
vethage and ciirmnt. 

Battery Drawer 

This unit is a relay-rack-mounted 
drawer capable of housing the 24-cell 
l)attcry. Ball-I)earing slides and quick- 
release fasteners provide easy aevenn 
for Ixittery maintenance. Stainless steel 
Is u.sed for the battery holder to insure 
chemical resistance against the alkaliia* 
elect rolyteof the nickel-cadmium battery. 
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Battery 

This 24-i*oll iiickrlHudmium bjiltory 
is slupjx'd dir(‘otIy from the miiimfao- 


turer’s plant. Its rii|X4(*ity is sufficiont to 
oporato tho fnuiuency standard for at 
least 3)^ hours. 


SPECIFICATIONS 


TYPE nt6-B EMERGENCY POWER SUPPLY 

Input: 115 2^30 V, 50-ti0 rp;* from ptnver line. 
2H 32 V, 4.3-3.2 amp from hatterj- (when 
o|M«mtiiiR Type 1120-AH rrequency StanilanI >. 
Output: 115 V, nominal, (Ml rjw, ISO watt^* roii- 
tiniKMis maximum rating. 

Operational Range: Hntterv OUts in when line 
voltage falls below 105 v uiul cut^ out when 
restorctl line voltage re*iehe> a thrft«hohl value 
l>elween lOH aiuj 113 v. 

Acceetories Supplied: TyI’E (’AP-22 Power ('onl 
i2i; Hjmre lanver line fuM»M l2). 

Accossories Required: 2H-, .‘30-, nr 32*v Imftery 
and caltles. 

Accessories Available: TypE 12t»H-A Automatic 
Battery f’liarger; Type I20S-P1 Battery 
Drawer; Type 120S-IMM)2 Ihittery. 

Cabinet: Kelav-rack. 

Dimensions: 10 by 10 • 2 inches l>>- 270 mmi, 
defttli Itehind panel 1.3 inches U3.30 mm). 

Net Weight: 581 2 |>nunds (2<).0 kg). 

TYPE 1268-A AUTOMATIC BAHERY CHARGER 

Constont'Current Charge: 0 hours at 4 :im|)crcs, 
nominal. 

Trickle Charge: 3^3.8 volbs ± 2% is maintaiiu.'d at 
the Imtlerj'. 

Power Required; 10.5 to 130 (or 210 to 2t>0> volts, 
<»0 c|>H, 210 walls maximum. 


Ambient Temperoture Range: 0 to 50 
Cabinet: Uack-ltetieh. 

Dimensions: liciich m«Klel — width 19, height 
5 * 4 , depth 11 % inches (4S5 by 135 by 300 mm), 
over-all; rack model —panel 19 by 0*4 inches 
(485 by 135 mm), depth behind panel 11 inches 
(280 mm). 

Net Weight: 29*2 IMtlllld.s (13.5 kg). 

Shipping Weight: ,50 }M)Unds (23 kg). 


TYPE 1268-PI BATTERY DRAWER 
Cobinet: Helay-rack. 

Dimensions: Panel 19 bv 12*4 inches (4S.5 hy 
314 mm), depth behind panel 19 inches '4S5 
mm); interior, battery compartment HD 4 
by 14^ inches (415 by 375 mm), height I 0 ?J 
inche.s (275 inm). 

Net Weight: I.ess batterj’, 25 {xmiids D1.5 kg). 
Shipping Weight: I.,eHs battery', 35 |iounds < H> 
kg'. 

TYPE 1268-9602 BAHERY 

Type: Xickei-C 4 t«liiiium. 

Voitoge: 2S volts dc, nominal. 

Ampere-Hours: 1.5 ampcrc-hours. .4t 4.3 to .3.2 
amperes rcquirnl by Type 1115-B I'.mcrgcncy 
Power Supply, batteries will run at least 
3*2 hours. 

Net Weight: 90 ttouiids (41 kg), nnproximaUOy. 
liatteiy' shipiied direct from supplier. 


Tlipr 


(Wc Xumiter 

Price 

1116-6 

Emergency Power Supply 

1116-9702 

$450.00 

1268-AM 

Automatic BoHery Charger, Bench Model 

1268-9801 

450.00 

1268-AR 

Automatic Battery Chorger, Rock Model . 

1268-9811 

450.00 

1268-PI 

Bottery Drawer, less battery 

1268-9601 

195.00 

1268-9602 

Battery. 

1268-9602 

250.00 


COMING EXHIBITS 

(ituieral Radio inslruments will Ik* on ili-splay at mootings and oxhibit.s 

during tho month of May. Our (uigiiioors will l>e on hand to woloomo you and to 
answor your <iU(‘stions. 


Dote 


Sponsor or Titfm 


May t)-10 Xational Industrial Protluotioii 
Show itf ('anada 

May t>-IO Amorioan Industrud llygicuu* 
C’onforonoo 


May 15-18 Acoustical Society of .America 
May 20 23 Design huiginooring Show 


Location 


Rxhihition Park. Toronto 

Shcralon-f iihson Hotel, (’inciiinati 
Hotel Xt'w N'orker, Xew A’ork 
Coliseum. Xew York 
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MORE WAHS PER DOLLAR WITH 
THE NEW W8 VARIAC* AUTOTRANSFORMER 


VAHiAr'^'autotrnnsformoi-s, Typks VV'8 
unci \V8L, incmts<*cl ratings and in- 
(T(nis(*d volt-ampere's per dollar, yet 
occupy the same panel space as the 
popular Tvi'k W'o. Tlu'y differ dime'ii- 
sionivlly from the Type \V5 in hut one 
resjject, an increase in hack-of-panel 
de'pth of one-half inch. They embody all 
the features c()mmon to the (leneral 
Radio “W” line of vakia(’ autotrans- 
formc'rs, and are currently available as 
basic m(»dels only, without cases. 

We feel that thesis two new units will 
serve a us<*ful purpose by meeting a 
demand for more power in a limited 
space. Their increas(' in volt-ampcTe.s- 
per-dollar is a built-in bonus. 



SPECIFICATIONS 


Type 

W8 

W8l^ 

Input Volts 

120 

120 

Output Volts 

0-120 

0-140 

0-120 

Line Frequency 

50-00 epa 

60 C|)s 

Rated Amperes 

8.5 

10 


Tyi»e 1 

1 W8 

W8L* 

Max Amperes 

11 

13 

Rated KVA 

1.32 

1.50 

Code Number 

:103S-5110 

3058-5110 

Price 

$21.00 

$21.00 

Volt-Amperes $ 

02.9 

.74.3 


• Note that tlip Tyiw* W8l. cannot be opemteti at lint* frij«|Uoncic8 lower than 60 c|», ami that it cannot he mmil 
to obtain ovorvnltu(ce< 


AC THEORY AND THE HUMAN CHEST 


The (il? Type 13()5-A Low-l'Yetpienc}^ 
Oscillator was featured in an unu.sual 
demonstration last Septeml)er at the 
XXI1 International C'ongress of Rhj’s- 
iological SciencT'S at I^eiden. In the e.x- 
hibit, entitled “Interpretation of the 
Respiratory Pressure-Volume Lis.sajous 
Figure's,“ the oscillator was u.sc*d to pro¬ 
duce, on a dual-beam oscilloscope, 
Lissajous loops analogous to pressure- 
volume' and pr(‘s.sure-ve)lume flow in the 
human clie'st. The input elata we're taken 


flora actual expe^riments performt'd eui 
animals and human beings, part of a 
leing-te'rm progiam cemelucted l>y Drs. 
Waylauel K. Hull and K. CVoft Long at 
Duke* Tniversity Medie-al Center. 

The e*lee*trie*al anale)g of the human 
ch(*st is an inte'resting example* of the use 
of analeigous .syste'ms to explain natural 
phene)me*na. The* human chest and lungs 
are here visualized as a series e*ire*uit, 
containing capacitance fe*e)mpliance of 
lung tissues and rib e*age), inductance 
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Figure 1. Pretsure>volume 
Liatojous paHerna ol fre* 
quenciea indicated. Syalem 
it aaymmetrical at lower 
frequencies and resonant, 
in this particular cose, ot 
about 10 cycles see os seen 
from vertical loop indicat¬ 
ing 90 degrees of phase 
shift. Date from oneathe- 
tised dog. 


(by |K*rruif<.sion of the 
Jounuil of 
. 1 pfU ie ii Ph ysif^ogy ) 



(I he massive or inertniit eluiracler of I he 
I issues), and ix*slstanee {(ipi)()sitioii to 
air fh»v). Tht' Itrealhing rate is fre- 
(|ueiiey, the normal frf»(iueney 
alnml 20 eycles ptT minute. Hy tlu* 
use of an iron-lunK-typ<* rt'spirator, 
hrc»athing ratf^s up to 20 eps ean Ik* pro¬ 
duced in ane.Hlhetized aninads. Thus, if 
pri'ssure is held eonslant at all freciuen- 
eies, a fitapieney-impiHlanee relation ean 
Ih» determincH:!. Similarly, the volume (tf 
air moved tty I lie .system ean Ik* studied 
as a funetiftn of freipieney. The alteniat- 
ini^ pn'ssun* .supplied in the tc.st Is made 
to approximate a sine wave, so that 
much of elemiMitary ae theory ean Ik* 
applii'd in this hioloj^ieal system. 

'rhe n*sonant fn*i|U<*ney of lioth animal 
and liiiman ehests is of the order of o 
ejis, and many animals, ineluding dogs, 
pant at that fre(|ueney. To the physiolo¬ 
gist, tliis implies that the maximum air 
flow is available t<t cool the mouth, 
tongui*. and air passages for tin* mini¬ 
mum ex|x*nditure of (*nergy. 


The relation of volume and pressure 
in eonneetion witli dLstention of lung 
and thorax is of espeeial interest to 
physieuins. Severn! chest diseas«»s are 
.•ieen to involve changes in chest ^‘eapai’i- 
tanee"* or “resistance.** l^ycuid the 
considerations of chest and lung n*searcli 
lie tlie exciting possibilities^ of explaining 
other biologi<*al phenomena by (‘lec- 
trieal analog. 

Our thanks to Dr. K. C. Long aial 
Dr. W. K. Hull of Duke for p(‘rmis.sion to 
publish this lirief abstnict. Thos4* inter¬ 
ested in a more complete dlMMi.ssion are 
n*fern‘d to Amrnran Jonnwl a/ Applird 
Pliysiohpfpj, 1():4.T.L413, 1901 and 17:0(19- 
012, 1902. 

Drs. Hull and Long have Ikhmi actively 
interested hi the u.s<* of analogous sys¬ 
tems to explain biological phenomena 
and hope that this approacli may stimu-* 
late electrical engincH'ring graduates to 
rec'ognize tliat biological .science iiffers 
them th(‘ opportunity for work at a 
truly professional level. 


12 


General Radio Company 


ua.»- 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516) 334-5988 












